Diabetic retinopathy (DR) is the most common microvascular complication in diabetic patients and one of the main causes of acquired blindness in the world. From the 90s until date, the incidence of this complication has increased. Reactive oxygen species (ROS) is a free radical with impaired electron that usually participates in the redox mechanisms of some body molecules such as enzymes, proteins, and so on. In normal biological conditions, ROS is maintained in equilibrium, however its overproduction can lead to biological process called oxidative stress and this is considered the main pathogenesis of DR. The retina is susceptible to ROS because of high-energy demands and exposure to light. When the balance is broken, ROS produces retinal cell injury by interacting with the cellular components. This article describes the possible role of oxidative stress in the development of DR and proposes some treatment options based on its stages. The review of the topic shows that blindness caused by DR can be avoided by early detection and timely treatment.
According to WHO, diabetes mellitus is a chronic degenerative disease that occurs when the pancreas does not produce enough insulin or when the body does not effectively use the insulin produced by the pancreas. The high mortality and morbidity caused by diabetes is as a result of its vascular complications. Approximately 400 million people worldwide have type 2 diabetes, and more than 45% of them have diabetic retinopathy (DR). The progress of diabetes to retinopathy happens over time thus, DR is a time-dependent disease that develops in stages. The incidence increases to 50% at 10 years after the diagnosis of diabetes, and goes up to 90% at 25 years. These figures put this complication as the most common microvascular complication in diabetic patients and one of the major causes of acquired blindness in the world. This increase in prevalence may be attributed to prolonged survival of diabetic patients. In the United States, it is the leading cause of blindness among adults aged 20-74 years. 1 The more advanced form of DR is diabetic macular edema (DME), which significantly increases the risk of blindness. Diabetic maculopathy is the result of multifactorial and complex alterations of the retinal capillaries in association with diabetes mellitus and it is divided into two forms, ischemic maculopathy and DME. 2 The high mortality and morbidity caused by diabetes is as a result of its vascular complications.
Two of the complications of DR that threaten the vision of the patients are DME and proliferative DR. 3 Patients with DM2 usually begin to develop retinopathy 7 years after diagnosis of the disease. 4 Naruse et al 5 suggests that DR cause reactive oxygen species (ROS) to increase the level of reactive oxygen metabolites. Catabolites of biomolecules such as nitric oxide (NO), catalase, glutathione peroxide, and lipoperoxide increase with the progression of DR in DM2 patients. 6 High glucose level and diabetically induced activation of retinal vascularization is linked with elevation in the enzymatic activity of arginase as well as in the reduction of bioavailability of NO. 7 The over activity of arginase plays an important role in the development of DR through its reducing effect on NO and increase of oxidative stress. One of the pathways for the generation of NO is through the activity of inducible nitric oxide synthase, an isoform of NOS. This enzyme acts on 1-arginine and converts it to 1-citrulline. 8 NO produced from S-nitrosoglutathione (GSNO) plays a second messenger role and regulates the activity and expression of some proteins by A-nitrosylation and hence plays vital role in many cellular processes. It is involved in physiological functions such as vasodilation, neurotransmission, and host defense.
Diabetic retinopathy mechanism
In the biosynthetic pathway of hexosamine, there is an increase in the activity of dumping of post-translational modifications of Ser/Thr residues through O-linked β-N-acetylglucosamine (O-GlcNAc). This increased influx of residues is dumped on the proteins and thus, reduce their capacity to capture the blood glucose and in this way leads to diabetes. It is known that as in protein phosphorylation, O-GlcN acylation plays a regulatory role in many nuclear and cytoplasmic proteins. 9 The development of different vascular complications (macro and micro) is one of the key risks of suffering from diabetes and in the ocular regions, and these complications usually culminate in DR. 10 DR is the principal cause of blindness in working adults. The mechanism underlying this is the inflammation of the retinal blood vessel caused by deposit of arteriosclerotic plates produced by excess blood glucose and thus making them susceptible to microrupture leading to the leakage of fluids into the retina. If unchecked, there is a growth of new vessels that distorts the microvasculature of the retina and this eventually provokes retinal detachment. 11, 12 The crucial point in the pathogenesis of the disease is inflammation in addition with oxidative stress. 13 Its progress is characterized by loss of neuronal and pericytic cells that gives rise to growth of acellular-occluded capillaries. Such occlusion leads to the formation of microaneurysms and hence increased leucostasis resulting to the thickening of basal vascular membrane. The loss of pericyte cells begins with the stimulation of PKC-δ signaling by high level of blood glucose. This signaling cascade enhances the expression of protein kinase C-δ (PKC-δ, encoded by Prkcd) and p38 mitogenactivated protein kinase, and dephosphorylates PDGF receptors and diminishes its downstream signaling and thus brings about apoptotic death of the pericytic cells. 14 The pericytic cell death gradually changes the architecture of the microvessels of the retina, a situation that provokes the collapse of blood-retinal barrier and hence extensive bleeding, microaneurysms exudates, and neovascularization that appear on the retinal surface. 15 There is evidence indicating that local inflammation and oxidative stress are involved in the pathogenesis of DR and that they constitute crucial factors for the development of the disorder. 16 In vascular inflammation, the involvement of biomolecules as lipoprotein-PLA2, pro-inflammatory cytokines (TNF-alpha and IL-1), and secretory phospholipase A2 IIA has been pinpointed. 17 Since the underlying problem in this pathology is the high levels of blood glucose, the progressive damage can be retarded or completely abated by intensive insulin therapy. In addition, to reduce pericytic cell death, it has been found that thioredoxin, a novel gene and drug, is a potent therapeutic agent to prevent pericytic cell death and DR progression. 18 Moreover, a comprehensive knowledge of cytokine-induced changes in lipid metabolism will promote the development of novel concepts and steer bench-to-bedside therapeutic developments. 18 Screening and gene expression DR prevention lies on its timely diagnosis achieved by a well-established medical care delivery plan based on a well-implemented screening program for the detection of its onset and its prompt medical treatment to reduce the incidence of radical management (vitrectomy) and blindness. 19 British Diabetic Association established a standard value for DR screening program with a sensitivity of 80 and specificity of 95%, and has created a world record in DR screening with a coverage of 85.7%.
Chromosome 21 has a protective effect against DR as seen in Down's syndrome patients with three copies of the chromosome and high level of endostatin, an antiangiogenic protein from collagen XVIII whose gene is located in the chromosome 21. 20 Patients with deleterious polymorphisms in the uncoupling protein 1 (UCP1) have a high risk of developing DR. In type I diabetic patients, the expression of this protein occurs in the retina and impacts downwardly in the production of ROS by the mitochondria. This was confirmed in a study carried out by Brondani et al, 21 where it was reported that 3826A/G polymorphism affects UCP1 expression and decreases mitochondrial production of ROS. There is high energy consumption in the molecular pathways that contribute to retinal signal transduction with its consequences on the structure and function of this organ. 22 Such elevated metabolic rates in the retina together with the vascularization play a part in the oxidative stress and influence age-related processes. In this way, high-energy demand increases the oxidative load and enhances, in chronic manner, the increase of oxidative stress and ROS to impressive levels. The frequent exposure of the eye to ambient oxygen, environmental chemicals, and sunlight makes the ocular tissues susceptible to damage by ROS. In addition, the free radical (FR) catalyzes peroxidation of long-chain polyunsaturated acids (LCPUFAs) as docosahexaenoic acid and arachidonic acid and brings about the generation of LCPUFA metabolites as well as neuroprostanes and isoprostanes, which exercise extra pharmacological and toxicological actions in the ocular tissues. 23 
Reactive radical species
Actually, it is known that a set of processes such as inflammation, the polyol pathway accumulation of advanced glycation end products, the flux of hexosamine pathway, and PKC activation are involved in the formation of FRs. These mechanisms appear to be associated with mitochondrial overproduction of ROS. 24 In obesity and dyslipidemia, DR appears to be also associated with oxidation of fatty acids, resulting in the increased production of ROS by nicotinamide adenine dinucleotide phosphate oxidase.
The generation of FR occurs in varieties of pathways. However, an addition of an electron to a stable molecule is the most common. In the organism, majority of the molecules contain non-radicals, ie, there is only an even number of electrons in their atomic orbits. The FRs generated attain a stable state by interaction with other molecules through redox reactions involving electron transfer among the participating chemical species. In such electron transfer, a molecule is oxidized by losing free electrons (oxidation process), which is captured or gained by the other molecule (reduction process). The term oxidizing or oxidant agent refers to the molecule that loses electron, while reducing agent is the molecule that gains the electron. In a nutshell, the oxidation of one chemical species implies the reduction of another. In a reaction between a FR and a non-radical molecule, there are three possible results: (1) the FR molecule can gain an electron or (2) it can lose electron, or (3) bond with the non-radical molecule. The end result of such reaction is the conversation of the non-radical agent to FR, a situation which results in an unstoppable or chain reaction that is only detained when two FRs meet. 25 FRs are classified depending on their functional groups. 26 The oxygen FR has oxygen as the functional group, the thiol radical has sulfur (S), nitrogen radical contain nitrogen (N), and carbon radical has carbon (C) while phosphorous radical contains phosphorous (P). The influence of exogenous factors can exacerbate normal metabolic process of the production of FRs. 27 The first and most common such exogenous influence is through normal metabolic processes and the second is from organic compounds such as alcoxyl, peroxyl, hydrogen peroxide, and singlet oxygen. 28 The term ROS as hydrogen peroxide, hydroperoxides, hypochlorous acid, and epoxide metabolites, refers to chemical species that function like oxidizing agents but are not FRs (Table 1) . 29 Superoxide is mainly produced in the mitochondrial respiratory chain; however, the exact location and the precise mechanism underlying the production of physiologically relevant ROS remain to be known. Since the pathogenesis of many clinical disorders is linked to oxidative stress, it is very essential to have a good knowledge of the mechanism leading to the generation of ROS. 30 mtDNA transcription is enhanced by mitochondrial transcription factor A. It has been found that this factor can undergo ubiquitinylation, ie, modified by covalent attachment of ubiquitin and this usually hampers its transport to the mitochondria. The end result is lower mtDNA transcription and mitochondrial dysfunction, a situation which can favor the development or progression of diabetes and hence DR. Therefore, the inhibition of ubiquitinylation restores mitochondrial homeostasis, and inhibits the development/progression of DR. 31 Lipid peroxidation plays a notable role in the progression of DR. 23 FRs such as hydroxyl and hydroperoxyl species with oxygen as functional group oxidize lipids and phospholipids, and at cellular level bring about membrane lipid peroxidation and in this way can trigger DR.
Prevention and treatment of diabetic retinopathy
Presently, new avenues of treatment of DR are being explored to cut down the incidence and progression of the disease. The need for adequate screening program for retinal surveillance for timely determination of retinal condition and perhaps level of damage has been 32 if the levels of blood glucose are maintained, then the progression of DR will be substantially reduced. In the case of proliferative type or macular edema, the key treatment modality is surgery as photocoagulation where retinal tissues are burned using thermal energy. The principle underlying this is the injection of energy from a strong light source, which is absorbed by the retinal pigment epithelium that converts it into thermal energy that provokes necrotic coagulation with denaturation of cellular proteins as the temperature rises above 65°C. 33 Actually, laser retinal photocoagulation is a therapeutic option in many retinal and eye conditions. The Early Treatment for Diabetic Retinopathy Study has found that laser surgery for macular edema reduces the incidence of moderate visual loss (doubling of visual angle or roughly a two-line visual loss) from 30 to 15% over a 3-year period. 34 A 2-year result of The Diabetic Retinopathy Clinical Research network (DRCR.net) Randomized Trial Evaluating Ranibizumab Plus Prompt or Deferred Laser or Triamcinolone Plus Prompt Laser for Diabetic Macular Edema, known as the Laser-Ranibizumab-Triamcinolone for DME Study, demonstrated that ranibizumab with prompt or deferred focal/grid laser achieved superior visual acuity and optical coherence tomography outcomes compared with focal/grid laser treatment alone. In the ranibizumab groups,~50% of the eyes had substantial improvement (10 or more letters) and 30% gained 15 or more letters. Intravitreal triamcinolone combined with focal/grid laser did not result in superior visual acuity outcomes compared with laser alone, but appear to have a visual acuity benefit similar to ranibizumab in pseudophakic eyes 35 (Table 2) .
Corticosteroids in diabetic retinopathy
Corticosteroids have shown to be useful in the treatment of DME. This complication of diabetes is actually treated using focal laser photocoagulation, vascular endothelial growth factor (VEGF) inhibitors, and intravitreal corticosteroid injections and implants. Anti-VEGF antibodies have revolutionized the treatment of DR but a significant subset of patients fail to respond to treatment and accumulating evidence indicates that inflammatory cytokines and chemokines other than VEGF may contribute to the disease process. 36 Corticosteroids, dexamethasone, triamcinolone, and fluocinolone acetonide are an attractive treatment option because these drugs down regulate VEGF, and an array of cytokines, and in spite of increasing intraocular pressure, dexamethasone implant has demonstrated its benefit in the treatment of this disease. 37 Level of intravitreal triamcinolone acetonide exposure is related to the development of elevated intraocular pressure and cataract; this does not seem to be the case for dexamethasone, where two different doses showed similar mean intraocular pressure and incidence of cataract surgery. With fluocinolone acetonide, rates of intraocular pressure elevations requiring surgery seem to be dose related, and available corticosteroids for DME exhibit different pharmacokinetic profiles that impact on efficacy and adverse events, and should be taken into account. 38 In eyes with DME, intravitreal dexamethasone implant showed morphological and functional improvement as early as 1 month of its use and 4 months after the treatment, 39 and switching to intravitreal corticosteroids may be of particular benefit to pseudophakic patients. Anti-VEGF combined with Oxidative stress and retinopathy GD Calderon et al corticosteroid implant of sustained release is a promising option for refractory DME. 40 Indeed, corticosteroids are of therapeutic benefit because of their anti-inflammatory, anti-angiogenic, and blood-retinal barrier stabilizing properties.
In spite of all these treatment options, laser photocoagulation, according to the guidelines of the Early Treatment of Diabetic Retinopathy Study (ETDRS), continues to be the primary standard care treatment in most communities. 41 
Anti-VEGF injection therapy
Anti-VEGF drugs are injected into the vitreous gel to block VEGF protein, which can stimulate the growth of abnormal blood vessels and leakage of fluid. VEGF is an endothelial cell-specific angiogenic factor, which plays a major role in the pathological condition as opposed to physiological and in ocular neovascularization leading to PDR. VEGF is also a vasopermeable factor, which increases vascular permeability by relaxing endothelial cell junctions and this mechanism is known to contribute to the development of DME. Inhibition of VEGF blocks these effects to some extent in DR, as demonstrated in several recent clinical trials and case series involving the anti-VEGF molecules. Currently, the anti-VEGF molecules being studied in the management of DR are: pegaptanib (Macugen), ranibizumab (Lucentis), bevacizumab (Avastin), and VEGF Trap-eye. Of the available VEGF antagonists, bevacizumab is the most frequently used outside a formal clinical trial because it is less expensive. 42 Anti-VEGF therapy is currently indicated for DME associated with vision loss, whereas laser photocoagulation prevents severe vision loss in eyes with proliferative DR. 43 Corticosteroids, either injected or implanted into the eye, may be used alone or in combination with other drugs or laser surgery to treat DME.
Vitrectomy
Vitrectomy is an important resource for the treatment of long-standing vitreous hemorrhage, tractional retinal detachment, and combined tractional and rhegmatogenous retinal detachment. However, its use in the treatment of epiretinal membrane formation and macular dragging is still uncommon. The Diabetic Retinopathy Vitrectomy Study has recommended the use of this procedure for the treatment of eyes with vitreous hemorrhage that fails to resolve spontaneously within 6 months. Early vitrectomy (o6 months, mean 4 months) results in the greater recovery of vision in patients with type 1 diabetes. Laser photocoagulation through indirect delivery systems or through the EndoProbe (Toronto, ON, Canada) can be performed as an adjunctive procedure during vitrectomy to initiate or continue laser treatment. In fact, ultrasound monitoring of the posterior segment of the eyes in search of signs of macular detachment is necessary in all cases of late type 1 diabetes.
Recent studies have focused on the introduction of NrF2 as a new treatment of DR. NrF2 is a transcription factor that masterminds cellular detoxification and redox (oxidation) response status, and so provides a protective action against various forms of oxidative stress and damage regulator. It also acts as cytoprotector and it is found in different natural compounds as polyphenols. 44, 45 A deep understanding of the pathophysiology of DR and the underlying molecular mechanisms are essential for the development of new screening modalities that would improve and increase its timely detection and hence its timely prevention or treatment. Table 3 summarizes the treatment options for clinical management of DR complications. [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] Table 4 also depicts the data of a study in an animal model where some pertinent particles believed to improve oxidative stress as well as prevent or delay DR development. [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] It is a proven fact that oxidative stress enhances the progression of DR hence, decreasing the degree of such stress has been observed in clinical situations to contra arrest DR pathological problems. Guarantying the integrity of the neurons of the retina is a primordial factor in DR management. Damage of the retinal vessel can be protected if the retinal neurons are integrally and functionally maintained and the progression of DR can be abated. This highlights the importance of regular eye screening and aggressive control of glucose and blood pressure to prevent ocular damage, 76 especially when we take into consideration that more than a half of young onset of diabetic patients manifest some degree of retinopathy within 10-12 years of diagnosis.
Conclusions
Obesity, poor glycemic control, and oxidative stress have been shown to contribute to the development of eye complications as DR. Diabetes is a complicated metabolic disorder with both short-and long-term undesirable events. Hence, diabetic patients should be educated on eye complications that may arise from their condition. Regular eye screening with fundus camera should be part of the routine management of diabetic patients. Oxidative stress reduction and restoration of retinal antioxidant system using exogenous antioxidants or antiinflammatory drugs or food, which may improve postprandial hyperglycemia and adipose tissue metabolism, as well as dyslipidemia and insulin resistance to modulate carbohydrate and lipid metabolism should be the key modalities to fight against this disorder. We believe that all the events previously mentioned may be a promising issue for further research. The treatment depends on the stage of DR. The use of anti-VEGF in DME associated with vision loss has been recommended and laser photocoagulation can prevent severe vision loss in eyes with proliferative DR. According to the findings in the present paper, oxidative stress plays an important role in the pathophysiology of DR. Many studies have shown that different natural compounds, such as polyphenols, can suppress oxidative stress and inflammation through Nrf2 orientation and hence the activation of gene cytoprotectors related antioxidant response factor. Currently, the application of Nrf2 in the treatment of DR as cytoprotective mechanism Oxidative stress and retinopathy GD Calderon et al in response to ischemic-reperfusion injury has been studied. The understanding of the mechanisms of oxidative stress is crucial in the development of new therapeutic strategies. On the basis of the report by Calderon Guzman et al. 64 
